Synucleins comprise a family of small intracellular proteins that have recently attracted considerable attention because of their involvement in human diseases. Mutations of a-synuclein has been found in several families with hereditary early-onset Parkinson's disease and accumulation of this protein in characteristic cytoplasmic inclusions is a pathohistological hallmark of several neurodegenerative diseases that have been recently classi®ed as`alpha;-synucleinopathies' (reviewed in Brain Res. Bull. 50 (1999) Chicken embryo is a unique object for developmental studies that allows in vivo manipulations not always possible for mammalian embryos. Studies of synucleins expression in this model system could shed light on their functions in the developing nervous system. We cloned three chicken synucleins from the embryonic neural cDNA libraries and studied their expression in normal chicken embryonic tissues by Northern and in situ hybridization with speci®c probes. Our results demonstrate that primary structures and expression patterns of synucleins are similar in birds and mammals, suggesting that conserved function of synucleins is important for embryonic development of vertebrates. q
Results and discussion
The fragment corresponding to the coding region of chicken a-synuclein (see Section 2) was used as a probe for screening of chicken E10 forebrain and E10 DMTG cDNA libraries in moderate stringency conditions (see Section 2). Ten positive clones from each library were selected and sequenced (Fig. 1) . Six clones from the forebrain library code for a protein with 86.7% of identity to human a-synuclein and four clones code for a protein more similar to human b-synuclein (88.8% of amino acid identity). In contrast, all ten clones isolated from the sensory ganglia (DMTG) library represent a chicken ortholog of mammalian persyn/g-synuclein (75.8% of amino acid identity). In all three protein pairs amino acid differences are concentrated within C-terminal acidic tail which is also the Identical amino acids are shown in white on black background. Gaps (2) were introduced for better alignment. The sequence in brackets is deleted in one of persyn cDNA clones as the result of alternative splicing. Nucleotide sequences of chicken synucleins are deposited in the GenBank under accession numbers AF253512, AF253513 and AF253514. most diverse region in the chicken synuclein family (Fig. 1) . One of persyn clones codes for a protein with a deletion of 22 amino acids (see Fig. 1 ). This is the ®rst persyn isoform generated by alternative splicing ever detected in any animal species.
The 3 H regions of three synuclein cDNAs showed no cross-hybridization and thus, were used as speci®c probes for analysis of synuclein mRNAs expression. Northern hybridization with total RNA isolated from different tissues of E10 ( Fig. 2 ) and E18 (data not shown) chicken embryos demonstrated that all three synucleins are expressed predominantly in the nervous system, although very low levels of synuclein transcripts could be detected in certain other tissues. Consistently with the patterns of expression in mammals, levels of chicken a-and b-synucleins expression are high in all regions of the central nervous system, while persyn demonstrates a rostro-caudal gradient of expression with the lowest level in the forebrain and highest in the spinal cord (Fig. 2) . By whole-mount in situ hybridization expression of aand b-synucleins could be ®rst detected in the mesencephalon and rhombencephalon of E3 (Hamburger and Hamilton stage 14) chicken embryo. In contrast, persyn expression at this stage could be found throughout the developing nervous system (Fig. 3) . Expression of a-synuclein spread to both rostral and caudal regions of the nervous system at E3.5 (stage 17), while expression of b-synuclein at this stage remains con®ned to the pro-, mes-and rhombencephalon (Fig. 3) .
Similar pattern of expression was found for all three synucleins in chicken E10 spinal cords using non-radioactive in situ hybridization with transverse sections through the embryo body. Motoneurons in the ventral horns and a group of cells in the medial part of the spinal cord, possibly the oligodendrocyte precursors, have the highest levels of synucleins expression (Fig. 4A±C) . In E17 spinal cord we detected a-and b-synuclein transcripts in neurons of both dorsal and ventral horns, however, persyn expression was found predominantly in motoneurons of the ventral horns of the spinal cord (Fig. 4G±I) . All three synucleins are expressed in sensory neurons of the peripheral nervous system at E10 and E17 but persyn has the highest level of expression (Fig. 4A±E) .
In E17 brain a-and b-synucleins express in majority of neurons and their expression patterns are indistinguishable. Therefore, only results of hybridization with a-synuclein probe are shown in Fig. 5 . However, expression of persyn is more restricted to speci®c brain structures or types of neurons, for example to Purkinje cells in cerebellar cortex (Fig. 5 ).
Materials and methods

Cloning of chicken synuclein cDNAs
The coding region of chicken a-synuclein mRNA was PCR ampli®ed using chicken E10 brain cDNA as a template and primers corresponding to the N-terminal (5 H -GCCATGGATGTGTTCATG-3 H ) and C-terminal (5 H -GCTTCAGGCTCATAGTCTTG-3 H ) regions of zebra ®nch a-synuclein (George et al., 1995) . This fragment was used as a hybridization probe for screening of chicken E10 brain and E10 dorsomedial trigeminal ganglion (DMTG) cDNA libraries constructed in lZAPII vector (Baka et al., 1996) . The hybridization was carried out at moderate stringency conditions (558 in the 6£ SSC buffer) for 16 h as described elsewhere (Buchman et al., 1992) . Filters were washed in 2£ SSC; 0.2% SDS at 558C). Inserts of positive clones were cycle sequenced from both strands using the ABI PRISM 377 DNA Sequencer.
Miscellaneous procedures
RNA extraction, preparation of hybridization probes, Northern and in situ hybridizations were performed as described earlier (Abramova and Anokhin, 1998; Baka et al., 1996; Buchman et al., 1998 Buchman et al., , 1992 . Fig. 5 . Expression of a-synuclein and persyn in regions of E17 chicken brain. Transverse sections through chicken E17 brain were hybridized with a DIG-labelled antisense cRNA probes. (A,B) Olfactory bulb; (C,D) telencephalon; (E,F) thalamus; (G,H) midbrain; (I,J) cerebellar cortex. OB, olfactory bulb; N, neostriatum; PA, paleostriatum augmentatum; PP, paleostriatum primitivum; Rot, nucleus rotundus; PVN, paraventricular nucleus; SRt, nucleus subrotundus; ICT, nucleus intercalatus thalami; A, archistriatum; SpM, nucleus spiriformis medialis; SpL, nucleus spiriformis lateralis; nTrM, nucleus mesencephalic nervi trigemini; NC, neostriatum caudale; Cb, cerebellum; Gr, granule cell layer; arrowheads designate Purkinje cell layer. Scale bar, 0.2 mm for (A,B,I,J); 0.5 mm for (C±H).
